BACKGROUND {#s1}
==========

Globally, approximately 160,000 children aged 0--14 years became newly infected with HIV in 2018.^[@R1],[@R2]^ Pediatric HIV is associated with high rates of morbidity and mortality,^[@R3],[@R4]^ and early initiation of antiretroviral therapy (ART) is critical for reducing mortality risk.^[@R5]--[@R7]^ Early infant diagnosis of HIV (EID), including at birth, can help in early identification of in utero HIV infection among infants and ART initiation.

Eswatini has one of the highest HIV prevalence rates in the world, with an adult prevalence rate over 27% (adults aged 15--49 years), and over 13,000 children (aged 0--14 years) living with HIV.^[@R8]^ Approximately 35% of pregnant women in Eswatini are HIV-infected, and over 9000 HIV-exposed infants (HEI) are born in the country each year,^[@R9],[@R10]^ with 6--8 weeks mother to child HIV transmission (MTCT) rates of 1% in 2018.^[@R9]^ The Government of the Kingdom of Eswatini has made the prevention of MTCT (PMTCT) of HIV, and identification and treatment for infected infants, through new diagnostic and treatment innovations, a top priority.^[@R2]^

Currently, the Eswatini 2018 Integrated HIV Management Guidelines recommend HIV nucleic acid testing (NAT) of HEI at 6 weeks of age to identify both in utero and intrapartum HIV-infected infants.^[@R11]^ This timing was conveniently scheduled at the same time as the recommended six-week expanded programme for immunization visit. The 2016 WHO guidelines recommend that countries with strong six-week testing programmes consider the addition of NAT at birth to existing EID testing approaches to identify in utero HIV infection in HEI.^[@R12]^ This change was intended to facilitate earlier diagnosis of the in utero infected infants and initiate them on life-saving treatment before clinical deterioration.^[@R13],[@R14]^ Among infants infected in utero or intrapartum, studies suggest that mortality begins to increase at about 3--4 weeks of age compared to uninfected infants, and is as high as 10% by 2 months of age, reaching a peak of 30%--40% between 8 and 12 weeks of age.^[@R3],[@R5],[@R15]^ From a public health approach, the addition of birth testing to the EID schedule could result in more HIV-infected infants identified and starting ART early.^[@R16],[@R17]^ Early ART initiation could also result in a reduced HIV reservoir and promote normal immune and brain development.^[@R7],[@R15],[@R18]^

A few other countries are implementing (Thailand, South Africa, Zimbabwe) or planning/piloting (Kenya, Zambia) birth testing for infant diagnosis of HIV, but no country outside of South Africa has scaled-up birth testing to a large percentage of their population, thus there is limited experience with birth testing in low- and middle-income countries. National guidelines in South Africa changed in June 2015 to include routine birth polymerase chain reaction testing for all HEI and repeat testing at 10 weeks for those with a negative test at birth.^[@R19]^ A modeling study using data from South Africa concluded that testing once at 6 weeks would be clinically and economically superior to either birth testing or 10 weeks testing alone, but testing twice, at birth and at 10 weeks, would improve outcomes and was cost-effective, compared to 6 weeks\' testing alone.^[@R20]^ The study recommended that programmes with incomplete six-week EID coverage could focus on scaling-up 6-week programmes before adding birth testing; however, those with strong 6-week testing programmes could consider the addition of birth testing.^[@R20]^ As Eswatini has a 94.0% testing coverage for exposed infants at 6 weeks,^[@R9]^ and 87.7% of infants are born in health facilities,^[@R2]^ it is a prime candidate for the introduction and scale-up of facility-based HIV birth testing.

Point-of-care (POC) EID has been shown to dramatically decrease time to result return to caregivers, improve the percentage of results returned, and increase the percentage of HIV-infected infants initiated on ART in several studies.^[@R21],[@R22]^

In 2017, birth testing was introduced in Eswatini in 5 maternity units within 5 health facilities, 3 of which provided POC EID and 2 offered conventional EID. The goal of introducing birth testing in few pilot facilities was to better learn how it can be implemented before national guidelines were amended. This is the first study of HIV testing at birth in Eswatini and one of the first studies on POC testing at birth. The aim of the study is to describe the uptake, testing, and treatment cascade of birth testing using POC NAT in maternity settings in Eswatini.

METHODS {#s2}
=======

Three maternities (Mbabane Government Referral Hospital in Hhohho region, Hlathikhulu Government Hospital in Shiselweni region, and Good Shepherd Hospital in Lubombo region) were included in this evaluation of POC EID birth testing. These facilities were high-volume maternities representing 37% of annual births in the country.^[@R9]^ Basic maternity services in the 3 POC EID sites are free, but additional services may have a fee. One of the maternities charged a fee for extra inpatient days. The 3 maternities were offering EID services for the first time through the birth testing pilot programme. However, the hospitals offered six-week EID services in other departments such as in-patient wards, tuberculosis wards, and public health units (PHUs).

Two of the maternities piloting POC birth testing had a fully dedicated POC platform, whereas one maternity shared a platform with a PHU attached to the hospital and consequently the POC platform was also used for EID testing at 6 weeks at the PHU. All 3 POC EID facilities received training on the use of POC testing, continuous supervision visits by clinical and laboratory mentors, regular POC platform maintenance, and data quality monitoring. Three phlebotomists were hired and placed in the maternities to support nurses with running tests due to general shortages in the maternities.

With the aim to detect in utero HIV infection and with recommendation from the Ministry of Health in Eswatini, POC birth testing was offered to HEI born at, or presenting to, the maternities within 3 days of birth. Blood draws were conducted by nurses, physicians, and phlebotomists who were trained on capillary blood draws. POC tests were primarily run by phlebotomists. Nurses were also trained to run POC tests and would occasionally run POC tests particularly on evenings and weekends or other times when phlebotomists were not on site. Standard patient identifying information was included for all samples according to national guidelines and practices.

The POC assay in use for birth testing was the Abbot mPIMA (formerly Alere) Q HIV-1/2 Detect, which has received WHO prequalification,^[@R23]^ CE marking (European diagnostic device approval), and in-country approval. The health worker performing the test transferred at least 25 mL of capillary blood into the cartridge, snapped into place the cartridge cap to prevent sample spillage or contamination of the instrument, and inserted the closed cartridge into the mPIMA Analyser. The test took approximately 52 minutes to run. Tests were conducted onsite for the 2 maternities with a dedicated POC platform and at the PHU for the site sharing a platform (results were sent to the maternity through an SMS printer). If a valid result (positive or negative) was produced, the infant\'s caregiver was approached to relay the results and for further counseling, following Eswatini national protocols. If an error or other invalid test result was obtained, the infant\'s caregiver was approached for repeat sample collection. All tests at birth were documented in a Ministry of Health-approved POC EID Form.

For infants testing HIV-negative, caregivers were counseled on the interpretation of the result and requested to return for another HIV test at 6 weeks. Infants testing HIV-positive had a second sample run for POC EID. If the second test was reactive, the infant was referred for HIV treatment at the ART unit in the same health facility providing birth testing or to other health facilities in the country depending on where the caregiver preferred to receive child welfare and HIV services. The Eswatini 2018 Integrated HIV Management Guidelines recommend to start HIV-infected infants identified at birth on an NVP-based three-drug ART within the first 2 weeks of life and to switch the infant from NVP to lopinavir/ritonavir (LPV/r)-based regimen at 14 days of life.^[@R11]^ If the second test was nonreactive, a confirmatory dried blood spot was obtained and sent for testing at the Eswatini National Referral Laboratory (SNRL). In the case of discrepant tests, in the absence of clinical symptoms, clinicians were recommended to wait for laboratory confirmation before initiating treatment.

Prospective data were collected on all POC birth tests occurring from 1 August 2017--30 November 2018 using a POC EID Testing Form, which was approved by the Ministry of Health.^[@R21]^ Data on retesting at 6--8 weeks of infants testing negative at birth, retention in care six months after ART initiation for HIV-positive infants either at birth or at 6 weeks, and viral load (VL) testing were abstracted from routine data sources and registers. All data were entered in MS Excel and uploaded into Power BI to link records across databases. Study records were assigned a unique identification number and patient identifying information was coded to maintain confidentiality. Data were analyzed using SPSS version 21. For continuous variables, mean values and SDs or medians and interquartile ranges were used, and for categorical variables, frequencies and proportions were used.

This study received approval from the US-based Advarra (formerly Chesapeake) IRB on 20 July 2016 and the National Health Research Review Board (NHRRB) of the Eswatini Ministry of Health on 18 November 2016. A waiver of informed consent was approved by the IRBs, and the study was deemed to present no more than minimal risk of harm to patients whose records were abstracted and involved no procedures for which written consent is normally required outside of the research context.

Findings {#s2-1}
--------

### Sociodemographic Characteristics {#s2-1-1}

During the pilot program, 3311 infants received a test for HIV through POC; 49.0% (n = 1624) of the infants tested at birth were females (Table [1](#T1){ref-type="table"}). The mean age of infants tested at birth was 0 days (IQR: 0--1). 98.2% (n = 3251) of the infants received prophylaxis at birth. Of infants who received prophylaxis, 95.3% (n = 3098) received NVP only and 4.7% (n = 152) received AZT + NVP. All caregivers were HIV-positive and 96.2% (n = 3184) were on ART. Among caregivers on ART, 67.3% (n = 2144) started ART before the pregnancy, 32.2% (n = 1025) started ART during pregnancy, and 0.3% (n = 8) started during labor and delivery. Of the caregivers on ART, 89.2% (n = 2840) were on TDF + 3 × TC + EFV. Only one caregiver was on second-line ART regimen (AZT + 3 × TC + LPV/r).

###### 
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Testing and Results Uptake {#s2-2}
--------------------------

Among the 4322 infants born to HIV-infected mothers in the 3 maternities, 76.6% (n = 3311) received a HIV test at birth (Table [2](#T2){ref-type="table"}). Of the 3311 infants tested at birth, 8.6% (n = 284) tests were performed by nurses and 91.4% (n = 3027) by phlebotomists (Table [1](#T1){ref-type="table"}). The 2 maternities that had a dedicated platform tested 85.2% and 83.6% of eligible infants identified in each health facility and the site that was sharing a platform with the attached PHU tested 55.7% of eligible infants identified in the health facility (Table [2](#T2){ref-type="table"}). 95.2% (n = 3152) obtained a positive or negative result of which 98.1% (n = 3091) of the results reached caregivers. For 159 (4.8%) infants, the POC platform produced an error and required further testing at a later date. Of the results reaching the caregiver, 95.4% (n = 2948) reached the caregiver on the same day as testing. All HIV-positive results (100%) were received by caregivers. The median turnaround time from sample collection to caregiver receipt was 0 days (IQR 0--0).
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HIV Positivity and ART Initiation {#s2-3}
---------------------------------

Twenty-six HIV-infected infants were identified (positivity rate = 0.8%), and 25 (96.2%) were initiated on antiretroviral treatment (Table [2](#T2){ref-type="table"}). Two HIV-infected infants were initiated by day 14 of life, 13 were initiated at 14--30 days, 6 were initiated at 30--60 days, and 4 were initiated after 60 days. One infant died after diagnosis, but before ART initiation. The median time from sample collection to caregiver receipt for HIV-positive infants was 0 days (IQR 0--0), and from result reception by caregiver to ART initiation was 20.50 days (IQR 14--45). Of the children initiated on treatment, 96.0% (n = 24) were initiated on (ABC + 3 × TC + LPV/r and 4.0% (n = 1) on AZT + 3 × TC + NVP.

Retention in Care and Viral Load Suppression {#s2-4}
--------------------------------------------

Eighty-four percent (n = 21) of infants initiated on ART were still alive and on treatment 6 months after initiating treatment (Table [2](#T2){ref-type="table"}). Of the 4 (16%) infants out of care, all were out of care within the first 3 months of ART initiation with one of the infants lost to follow-up and 3 had died. Nineteen (90.5%) of the 21 infants still in care 6 months after initiation had VL test information; and 11 (57.9%) had VL less than 20 copies/mL, 5 (26.3%) had VL 20--1000 copies/mL, and 3 (15.8%) had VL above 1000 copies/mL.

Retesting of HIV-Negative Infants at Six Weeks {#s2-5}
----------------------------------------------

Out of 3126 HEI testing negative at birth, 96.1% (3004) were linked to EID records at the national laboratory and 91.3% (n = 2744) had a documented retest for HIV at 6--8 weeks. Nine (0.3%) of the 2744 children retesting at 6--8 weeks tested HIV-positive. Of the 9 HIV-infected children, 6 (66.7%) were confirmed to have initiated ART, whereas one (11.1%) died before initiation and 2 (22.2%) could not be confirmed. Of the children initiated on ART, 5 (83.3%) were still in HIV care 3 months after initiation and 4 (66.7%) were still in care at 6 months after initiation. One (16.7%) child died after initiation and one (16.7%) was lost to follow-up after 3 months. The median time from HIV diagnosis to ART initiation was 8 days (IQR 6--22). Three of the 5 children in HIV care at 6 months after initiation had documented VL information and all 3 (100.0%) had undetectable VL (VL \< 20c/mL). The 6 children on ART were initiated on ABC + 3 × TC + LPV/r.

DISCUSSION {#s3}
==========

The uptake of birth testing was fairly high with 76.6% of eligible HEI tested for HIV using POC NAT HIV test. Other studies have demonstrated that it is possible to achieve universal coverage of birth testing irrespective of where the test is provided (within maternity or outside maternity) and the method of EID (POC or conventional).^[@R17],[@R24],[@R25]^ In a retrospective cohort study conducted in a health center in South Africa using polymerase chain reaction, HIV testing uptake of birth testing was 87.6%^[@R24]^ and it was 98.6% in a prospective study also conducted in South Africa.^[@R17]^ A high proportion of the children who were not tested for HIV at birth were from the site that shared a platform with a PHU. This may have led to longer wait times and resulted in fewer HEI being tested. Infants in the 3 maternities may also have missed birth testing due to over-reliance on phlebotomists to draw blood, perform tests, and record results in health facility-based logs and registers, yet these phlebotomists were not working during weekends and holidays. Uptake for birth testing in Eswatini could be strengthened by increasing staffing and training additional staff to operate the POC machine.

HIV positivity both at birth and among infants who were negative at birth but received a 6--8-week test was low at 0.8% and 0.3%, respectively. Overall, 1% of children in Eswatini were found to be HIV-infected at the 6-week test in 2018.^[@R1]^ Thus, in this sample, a majority of infants testing positive by 6 weeks of age were identified at birth. Although overall ART uptake for HIV-infected infants was high, only 2 infants were initiated within 14 days of life. This study did not systematically assess the reasons for this delay from diagnosis to treatment initiation. Programmatic experience suggests that most mothers wanted to confirm with their partners or other family members (especially male partners) before beginning treatment. It will be critical for programmes supporting birth testing in Eswatini and elsewhere to institute quality improvement initiatives to investigate the reasons for delayed ART initiation and work toward rapid ART initiation. Studies conducted in South Africa, Zimbabwe, and Kenya showed that with rigorous follow-up activities by health care workers and engagement for caregivers, it is possible to reduce time to ART initiation.^[@R26]^

The six-month retention in HIV care of infants identified positive at birth was high with 84% still on ART at 6 months after initiation, although 3 of the infants out of care had died soon after initiation on ART. Retention in this cohort was better than overall retention of children less than 15 years in Eswatini, which was 75% by 6 months in 2018 from programmatic data.^[@R9]^ Of the 19 children with VL results, 16 (84.2%) were virally suppressed (VL \< 1,000c/mL) and this is comparable to the VL suppression rates of 85% noted for children \<1 year in Eswatini in 2018.^[@R9]^

Avoiding loss to follow-up after birth testing for infants who test negative is critical. Modeled data from South Africa suggested that if \>37% of infants with a negative birth test fail to return at 6 weeks, the clinical benefits of adding birth testing are lost.^[@R20]^ Unlike in studies conducted in South Africa^[@R24],[@R27]^ that found that retesting was low at 6--8 weeks or subsequent testing points for infants identified HIV-negative at birth, our study shows high uptake of retesting of 91.3% at 6--8 weeks. The return for testing at 6--8 weeks can be mixed and needs further investigation. It is possible that our estimate of the number of birth-tested infants who underwent retesting at 6--8 weeks was an underestimate because some of the children who re-tested were not in the systems we searched. In addition, there were inconsistencies with the use of birth testing codes to identify and link infants, which may also lead to underestimation.

The POC birth testing pilot program had several programmatic challenges. The program was implemented in busy maternity units, which are generally understaffed. Phlebotomists who were supporting testing of infants for HIV did not work at nights or on weekends. One of the maternities was also sharing a platform with a PHU that was offering testing for children at 6 weeks. In addition, the women tended to leave as soon they were discharged after delivery. This may have contributed to eligible infants missed for testing and retesting in case there was an error while processing the specimen. One of the maternities charged an extra fee for additional inpatient days and this may have contributed to some caregivers leaving without a repeat test for tests producing errors or receiving results for infants. The maternities were also not initiating ART, leading to delays in initiating HIV-positive infants.

This study also had a number of limitations. There were challenges with tracking of infants after they received birth testing. Tracking infants for ART initiation, retention in HIV care, and VL testing was difficult because a few children moved out of the pilot sites and regions and they could not be located for follow-up. The study also relied on routine program and national laboratory systems data that have gaps and may have led to potential underestimation or misreporting of some of the indicators. There are also no data from low-volume facilities to inform scale-up of the program. This is a possible area for research in the future. In addition, there was no randomization either of facilities or patient, and there was no comparison group, which may limit the generalizability of the findings from the study. The study did not formally assess the reasons why eligible infants did not receive birth testing, nor did we follow those who were not tested at birth to determine whether they eventually tested at 6--8 weeks or at other subsequent testing points. Finally, most previous data on routine birth testing are from the South African experience. Although these data from Eswatini provide the experience of birth testing in another context, because this was a single country study, the generalizability of the findings may still be limited.

More research may be required on population impacts of birth testing when programmes are scaled-up further. Qualitative research to assess acceptability of and satisfaction with POC birth testing is being conducted to provide more insights on the feasibility of birth testing in Eswatini. In addition, conducting a cost analysis for providing birth testing would valuable.

CONCLUSIONS {#s4}
===========

Uptake of POC birth testing was high in Eswatini. Almost all infants identified HIV-positive at birth were initiated on ART and more than 80% were virally suppressed at 6 months after ART initiation. However, HIV positivity at birth and 6--8 weeks was low. The cost-benefit of birth testing must be considered in light of PMTCT coverage and in utero transmission rates.^[@R28]^ Depending on these factors, the success of other key HIV interventions and the resources available for overall HIV programming, birth testing may or may not be a priority in a given country. As programmes roll out birth testing, additional information to inform feasibility should be collected, such as qualitative assessments and ensuring outcomes obtained in this pilot will be maintained at scale. Further cost-effectiveness modeling would be useful to define the cost-effectiveness and timing of EID testing, including at birth, for a population with a strong PMTCT program such as Eswatini. This study shows that birth testing can be considered as a useful tool for countries to improve early identification and treatment of HIV-infected infants and, with appropriate systems, may not negatively affect subsequent EID testing.
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